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SURGICAL attempts to relieve disorders of involuntary movement (dyskinesih)
date from the excisions of cerebral cortex first practised in 1890 by Sir Victor
Horsley. His three patients, suffering from choreoathetosis, had gratifying results
which, however, were not easily reproduced by other surgeons of the period.
The development of ancillary neurological investigative methods later permitted
more accurate excision of motor and premotor areas of the cerebral cortex with
relief of Parkinsonian tremor and choreoathetotic movements (Bucy and Case,
1939), but at the expense of contralateral hemiparesis and usually without relief
of rigidity. Operations on the internal capsule, cerebral peduncle and spinal cord
have the same drawback and none have gained wide acceptance. Recently
operations have been evolved in which lesions are produced in certain parts of
the basal ganglia or their efferent fibres. Abolition or relief of involuntary
movements, tremor, and rigidity has been obtained without coincident hemiparesis.
Such operations are now in routine use in a few clinics in Europe and North
America. Their development must be considered relative to the anatomy,
physiology, and patho-physiology of the subcortical nuclei making up the basal
ganglia.
To the anatomist the basal ganglia comprise the caudate nucleus, putamen,

globus pallidus, and amygdaloid nucleus. The caudate and putamen, having
identical histology and close anatomical connections, are sometimes considered
a single organ and are together named the striatum because of their striated
appearance on section. The globus pallidus and the putamen are described
together on naked eye structure as the lentiform nucleus, but it should be
emphasized that the globus pallidus has a very different microscopic structure
and is more closely allied to the subthalamus. Neurophysiologists, as a result of
recent work, have added to the anatomical classification several other important
structures to form a functional group. These additions are the subthalamic nucleus
(corpus Luysii), the red nucleus and substantia nigra in the upper mid brain,
and certain cerebellar connections, notably the dentate nucleus and brachium
conjunctivum. What we are dealing with, then, is that group of structures
concerned with motor function exclusive of the conventional pyramidal system.
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The fibre connections of the basal ganglia are very complex, the pallidum in
particular being at the cross-roads of multiple ascending and descending tracts
coming from cerebral cortex, striatum, thalamus, cerebellum, subthalamus and
hypothalamus. The efferent group leaving the posterior margin and the medial
tip of the globus pallidus in the ansa lenticularis is especially important. It
reaches the ventrolateral nucleus of the thalamus by way of the fields of Forel,
forming a linkage which is the principle surgical target in the treatment of
Parkinsonism. rhe network of interconnecting fibres between the subcortical
nuclei represents, in all probability, examples of closed circuit arrangements linked
up into what, under normal conditions of health, would be a balanced self-
regulating mechanism along the lines of an analogue computor. By way of
illustration, the simplest circuit in the body is probably the arc from anterior
horn cell to muscle spindle to posterior horn cell and, by one or more internuncial
neurones, back to anterior horn cell. Information from this arc and the influence
on it of other systems constitutes the neural mechanism for maintenance of body
posture. A current view is that interruption of the neurological balance of such
circuits in the brain disturbs dynamic equilibrium and the various dyskinesi:
result.
The physiology and pathophysiology of the basal ganiglia miiay be considered

under the usual headings for the neurophysiological in'vestigation of the nervous
system:

(i) the effects of electrical stimulation,

(ii) the effects following lesions or extirpations,

(iii) the study of naturally occurring disease.

(1) In the past fifteen years many studies have been made of the electrical
properties of the basal ganglia and reticular formation. Animals with permanent
depth electrodes in position are used in such experiments. A 60 c/s current up to
20 v. applied to the globus pallidus causes no movement of the contralateral
musculature while a stimulating current of 2 v. in the internal capsule causes
marked contractions of the contralateral limb musculature. Direct stimulation
of the striatum, red nucleus, subthalamic nucleus and substantia nigra produces
only increased tone of the axial musculature and does not cause tremor or
movements of the limbs. Generally speaking, cortical stimulation evokes no
response in the basal ganglia.

(2) Direct experimental lesions in the extrapyramidal system have, with two
exceptions (subthalamic nucleus and brachium conjunctivum), produced few or
no neurological deficits. Even large caudate and lenticular lesions are usually
without effect. Athetoid movements have occasionally followed putamen lesions
but have never followed globus pallidus lesions. Lesions placed in the subthalamic
nucleus are usually accompanied by varying degrees of choreoathetosis or even by
hemiballismus. A few cases of surgically induced lesions in humans have resulted
in the same condition; it has also followed head injuries and vascular lesions. The
other structure, lesions of which cause disorder of movement, is the dentate
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nucleus of the cerebellum or its efferent fibres in the brachium conjunctivum.
Lesions here produce action and static tremor accompanied by ataxia, if they
are sited below the red nucleus.
A recent extension of this approach has been made by Carpenter (1958), who,

after producing abnormal movements by the methods just mentioned, proceeded
to make further lesions in various other parts of the nervous system in an attempt
to abolish the induced movements. It was soon apparent that interruption of
corticospinal fibres at their cortical origin or along their course would decrease
or abolish movements but only at the expense of hemiparesis. Recovery of hemi-
paresis usually was accompanied by reappearance of the movements. Apart from
this fibre tract, the only other lesions which affected tremors were those in the
globus pallidus, where a 10 per cent. by volume lesion was successful, especially
if placed medially in the nucleus. Here we see the experimentalist using methods
similar to those which will be mentioned shortly as having proved effective in
the relief of symptoms of Parkinisonism and other movement disorders in humans.
And here also we see the basic concept of such operations; namely, that they aim,
as it were, at correcting a neurological imbalance by producing a further lesion
in a structure which itself is not necessarily the seat of any pathology. Clearly
they are not curative procedures in the sense of removal of a diseased part or
correcting directly a malfunctioning organ. What we shall be interested in is
the sort of compromise which can be effected by surgery.

(3) The third contribution to knowledge of the pathophysiology of the basal
ganglia is the study of diseases in man termed dyskinesiae. The relevant disorders
are paralysis agitans, post-encephalitic Parkinsonism, dystonia musculorum de-
formans, double athetosis, Huntington's chorea, and the neurological sequela of
Kernicterus. It would take too much space to examine the diseases one bv one.
But the outstanding feature of clinico-pathological correlation, and the chief
obstacle to interpretation, is the discrepancy between the lesions found and the
symptomatology. Thus, in some of the worst cases of dystonia musculorum
deformans, hardly any gross lesions are found. On the other hand, widespread de-
struction of the basal ganglia may be present without any clinical accompaniment.
With such imperfect knowledge of the physiology of the region it is quite
impossible to decide whether a functional disturbance is related to an observed
structural change. In other words, the fact that this or that nucleus is involved
on pathological examination is no foundation for saying that destruction of the
nucleus is the cause of the particular clinical syndrome. An analogy of this point
might be drawn from another syndrome-Wernicke's encephalopathy. Here, in
a fully developed clinical case with paralysis of ocular movements and nystagmus,
the only demonstrable lesion may be hamorrhage in the mamillary bodies of the
hypothalamus. This does not mean that the mamillary bodies control eye move-
ments, yet one still finds examples of the same kind of reasoning in statements
that tremor and rigidity in Parkinsonism are attributable to lesions of the globus
pallidus and striatum. Actually Greenfield (1953) pointed out that the structures
most heavily involved in Parkinsonism are the substantia nigra, the locus caeruleus,
and the dorsal nucleus of the vagus. When a series of cases is examined it appears
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that lesions in only two sites have fairly common clinical accompaniments and
these compare closely with recent experimental work already mentioned. Lesions
in the subthalamic nucleus often are associated with contralateral choreathetosis
or hemiballisumus (Purdon Martin, 1927) and static tremor occurs with lesions
in the tegmentum, presumably those affecting the dentate nucleus efferents. The
notion of lesions affecting specific structures in Parkinsonism may therefore have
to be changed. Bucy postulates multiple circuits serving as long and short
connections between various parts of the brain and suggests that interruptions of
a circuit may allow uninhibited action of certain structures. The clinical picture
may, for example, represent a release of function of the globus pallidus, in which
case surgical ablation could be regarded as a means of redressing the neurological
balance.
To summarize this section on the pathophysiology of the basal ganglia, it may

be inferred from study of human subjects and from the work of Carpenter on
the effects of pallidal lesions in the monkey, that the integrity of the globus
pallidus and its efferents to the ventrolateral region of the thalamus is essential
in the production of the dyskinesih. Surgical lesions of the globus pallidus might,
therefore, be expected to diminish the abnormal movements. A tentative ex-
planation may now be offered as to why these various abnormal movements
respond only to destructive lesions of globus pallidus, motor cortex or corti-
cospinal fibres. It is possible that the vital pallidofugal fibres pass to the thalamus
and are relayed from there to the cortex to join the corticospinal bundles and that
it is onlv by this circuitous route that pallidal impulses reach segmental levels.
In short, the corticospinal tract conveys impulses from both cortical and
subcortical levels.

SURGICAL ADVANCE S IN THE DYSKINESLE
Following Horsley's early operations only sporadic reports appeared for the

next thirty years. Klemme (1940) applied the improved techniques of cortical
excision to Parkinsonian patients but stressed that hemiparesis would result.
Putnam (1938) introduced dorsolateral cordotomy, a method which has been
elaborated by Oliver (1953). Section of corticospinal fibres in the internal capsule
(capsulotomy) was advocated by Browder (1948), and Walker (1952) suggested
section of fibres in the cerebral peduncles (pedunculotomy). In all these operations
hemiparesis is usually the price which must be paid for relief of tremor. Parkinson
himself noticed that when a patient with paralysis agitans had a stroke with
hemiplegia. tremor was abolished.
Meyers (1941) was the first to study the effects of lesions remote from the

conventional pyramidal tract. After a series of open operations on the caudate
nucleus, putamen and globus pallidus he found that the most effective lesion was
one in the efferent fibres at the medial margin of the globus pallidus (the ansa
lenticularis). Unfortunately the mortality of these extensive operations was over
12 per cent. Fenelon (1950) and Guiot and Brion (1953), working in Paris,
devised a direct subfrontal approach to the globus pallidus which has given good
results. But, again, the operation is extensive and probably carries a higher
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morbidity than the stereotactic methods to be described. In 1951 Spiegel and
Wycis showed that an electrode could be introduced with great accuracy through
a burrhole into structures in the basal ganglia. They used a stereotactic apparatus,
modelled along the lines of the experimental device introduced by Horsley and
Clarke (1908). Discreet electrolytic or chemical lesions could now be made in
chosen nuclei and these authors have set the pattern for current basal ganglion
surgery.
The only other surgical technique which requires mention is ligation of the

anterior choroidal artery (Cooper, 1954). This vessel usually supplies the globus
pallidus and a variable area of the rest of the basal ganglia. Many good results
have been obtained and its use will be mentioned later. It may be stressed again
at this point that the surgical lesions are, in all probability, being made in a
normally functioning nucleus, that is to say, we are not adding destruction to
an already damaged area.
Current stereotactic techniques have in common the identification of parts of

the third ventricle on an encephalogram as an initial point of reference to act as
guide to the site of the globus pallidus or thalamus. The selection of this "internal
landmark" is essential in the human; co-ordinates derived from points on the
skull ("external landmarks") are satisfactory in some species which do not exhibit
the same variations as the human. The technique of alcohol injection of the globus
pallidus (chemopallidectomy) is briefly as follows:
An air encephalogram is performed and the third ventricle and foramen of

Munro identified. A cannula with a small balloon at the tip (Bravo and Cooper,
1957) is then placed under radiographic control in the region to be attacked.
The most successful site at which to make globus pallidus lesions is 14-18 mm.
from the mid-line, 5 mm. behind and 5 mm. below the postero-inferior margin
of the foramen of Munro. The balloon is now inflated with myodil (X-ray
opaque) to compress surrounding tissue, the function of which is temporarily
suspended. If the needle tip is by mistake, in the internal capsule hemiparesis
will at once result when the balloon is inflated but this will rapidly disappear
when the balloon is deflated. When the needle is sited correctly in the globus
pallidus or ventrolateral region of the thalamus, however, inflation of the balloon
as a rule leads to instant cessation of tremor and rigidity. The balloon is left
in situ for 24-48 hours, after which it is deflated. A small cavity is left.
Subsequently absolute alcohol is injected into the cavity to produce a permanent
lesion. Originally all lesions made at such operations were sited in the pallidum;
lately it has been found that lesions in the thalamus are even more effective when
tremor predominates. In either case lesions are made within a few millimetres of
the internal capsule, the optic tract, and the hypothalamus. One of the obstacles
to accurate placement of lesions-the variations in humans from brain to brain-
has now been largely overcome by the introduction of this physiological balloon
test with its reversible lesion.
While this relatively simple technique of chemopallidectomy produces good

results in certain types of patients, it is by no means generally applicable to all
cases of Parkinsonism. It is not suitable for those with advanced disease. More
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complicated methods designed to produce discreet lesions by electrolytic or
cauterizing currents may be used in such patients. Although improvement will
be less striking, a valuable rehabilitation will often be effected. Gillingham (1958)
has elaborated the stereotactic method of Guiot. Using an image-intensifier X-ray
apparatus, an electrode can be introduced with great accuracy into the basal
ganglia. Preliminary stimulation is essential; if the needle is in the internal capsule
movements of the contralateral limbs will occur. An advantage of this technique
is that the electrode enters from the parietal region and traverses the thalamus to
reach the globus pallidus. Lesions in either or both structures can be made on a
single insertion.

SELECTION OF PATIENTS FOR SURGERY.
This section commences with the reminder that surgery cannot be said to

"cure" Parkinsonism or the allied dyskinesie; the most that can be said is that
certaini symptoms-rigidity, tremor, and other abnormal movements-can be
alleviated. Some patients have as their chief comnplaint, however, head tremor,
hypersalivation, pseudobulbar palsy, mental impairment, gait disturbance,
pyramidal signs, severe weakness (akinesia), and the response to surgery of these
symptoms will be most disappointing. The same may be said of associated
psychiatric disorders, with the exception of reactive depression.

Patients most suited to surgery are those with tremor and rigidity wholly or
chiefly unilateral and who, by reason of incapacity for work, or from embarrass-
ment, are anxious to have treatment. Such patients comprise about 10 per cent.
of the total Parkinsonian population. A further 20-30 per cent. of patients with
longer standing disorder, usually bilateral, but with normal mental function and
minimal other neurological signs, may also be considered for surgery. The rest,
over 50 per cent. of Parkinsonian patients, have bilateral advanced disease, other
neurological disabilities or mental deterioration. For this group chemopallidectomy
has little to offer, but some vounger patients may be considered for ligation of
the anterior choroidal artery. Although the mortality is higher, very debilitated
patients will sometimes respond. But it is in this group with advanced Parkinson-
ism that the smaller lesions placed by the more elaborate stereotactic methods
have been nmade with relative safety (Gillingham).

Before operations are carried out full assessment of the patients is essential.
Tests designed to evaluate their muscular power and co-ordination and the
degree of tremor and rigidity are carried out together with psychological assess-
ment of their reaction to stress, the level of activity relative to their disablement,
and their adjustment to the condition. The results of this examination form a
baseline for future comparison. A peculiar feature of patients with Parkinsonism,
namely, the variability of their performance under the influence of emotion or
suggestion, must constantly be borne in mind; some patients may be free of
symptoms for nearly an hour after waking in the morning, others after a sudden
shock, may be free for a whole day. This essential reversibility of all the features
of trenmor and rigidity at once poses a problem of assessment; it also supports
the belief that successful treatment is possible.
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COMPLICATIONS OF SURGERY.
The surgical mortality from chemopallidectomy is 2-3 per cent. Haemorrhage

is the most usual cause of death but occasionally death results from prolonged
coma or pseudobulbar palsy. A small incidence of hemiplegia (2-3 per cent.) is
reported, occurring usually the day after operation and being probably of vascular
origin. Transient monopareses leaving no sequelax are not uncommon. In patients
with previous mental deterioration confusional states lasting some months have
been described. Drowsiness of a few days' duration in mentally normal patients
is sometimes seen. Other less common complications such as dysarthria,
hyperthermia or hyperhidrosis usually respond to conservative measures.

RESULTS OF SURGERY.
Several series of patients with Parkinsonism have now been reported (Spiegel

and Wycis, 1958; Cooper, 1958).
Significant relief or abolition of tremor has been obtained in about 70 per cent.

of patients and relief of rigidity in nearly 80 per cent. A relapse rate of about
10 per cent. in the two months following surgery is reported. Thereafter most
of the patients remain improved. A second operation in the relapsed cases is often
successful. The rehabilitation rate in persons over 65 years is low and relatively
few in this age group are suitable for surgical treatment. The longest follow-up
of results of stereotactic surgery is only 5-6 years, so it is still rather early to
assess the final outcome.

In dystonia musculorum deformans promising results have been obtained.
Cooper (1958) reports twenty-five patients operated on in the past three years.
There were two deaths, two-thirds of the patients were improved; some who
were bedridden are now ambulant and attend school.

SUMMARY.
Recent work both in clinical and neurophysiological fields offer encouragement

to surgical treatment of the dyskinesia. In Parkinson's disease about 80 per cent.
of patients may be considered for operation, and current reports indicate that
60-70 per cent. should benefit significantly. It is stressed, however, that with this
essentially progressive disease it is premature yet to speak of surgical cure. But
the results presented in the past year indicate that worthwhile improvement is
obtained; there have been few relapses following surgery for periods up to
six years.
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